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ABSTRACT
We have tted ∼ 200 RXTE and INTEGRAL spetra of the neutron star LMXB
GX 9+9 from 20022007 with a model onsisting of a dis blakbody and another
blakbody representing the spreading layer (SL), i.e. an extended aretion zone on
the NS surfae as opposed to the more traditional dis-like boundary layer. Contrary
to theory, the SL temperature was seen to inrease towards low SL luminosities, while
the approximate angular extent had a nearly linear luminosity dependeny. Comp-
tonization was not required to adequately t these spetra. Together with the ∼ 70
◦
upper bound of inlination implied by the lak of elipses, the best-tting normaliza-
tion of the aretion dis blakbody omponent implies a distane of ∼ 10 kp, instead
of the usually quoted 5 kp.
Key words: stars: individual: GX 9+9  X-rays: binaries  aretion, aretion diss.
1 INTRODUCTION
The Galati X-ray soure GX 9+9 (3A 1728-169, 4U 1728-
16) was disovered by a sounding roket ight performed
on 1967 July 7, as reported by Bradt et al. (1968). An
optial ounterpart of magnitude V = 16.6 with a blue
ontinuum and a large ultraviolet exess was identied by
Davidsen et al. (1976).
GX 9+9 was found to have similar spetral and tim-
ing properties to So X-1 and other soures that ame
to be alled Low-Mass X-ray Binaries (Mason et al. 1976;
Parsignault & Grindlay 1978). It was lassied as an atoll-
type neutron star soure in a persistent lower banana state
by Hasinger & van der Klis (1989).
The disovery of an X-ray modulation period from
observations performed by the High Energy Astronomy
Observatory-1 (HEAO-1 ) in 1977 September was announed
(Hertz & Wood 1986) and rened to 4.19±0.02 h by
Hertz & Wood (1988). The period was interpreted as the
binary period of the system. Shaefer (1987, 1990) found
a similar period of 4.198±0.0094 h in the optial ounter-
part. This was attributed to the orbital modulation of the
⋆
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X-ray emission reproessed into visible light in the ompan-
ion star atmosphere and at the hot spot where the aretion
stream hits the aretion dis. Hertz & Wood (1988), as well
as Shaefer (1990), dedued the ompanion to be an early M-
lass dwarf, with mass estimates of 0.20.45 and ∼0.4 M⊙,
respetively. However, Reig et al. (2003) speulated that the
ompanion may be evolved and earlier than G5, based on
aperiodi variability at very low frequenies, similarly to Z
soures.
Simultaneous X-ray and optial observations were per-
formed in 1999 August by the Rossi X-ray Timing Explorer
(RXTE) and the South Afrian Astronomial Observatory
(SAAO), respetively (Kong et al. 2006). The orbital period
was onrmed in the optial observations, but no orre-
sponding X-ray modulation was found. Neither was there
any signiant X-ray/optial orrelation in the light urves.
Several dierent two-omponent spetral models onsisting
of a blakbody and a Comptonized omponent were su-
essfully tted to the data. It had already been established
previously that the spetrum an not be tted well with a
single-omponent blakbody, power law or bremsstrahlung
model (Shulz 1999).
Levine et al. (2006) reported a strong inrease in the
orbital modulation of the X-ray ux in the 212 keV band
sine 2005 January, based on over ten years of RXTE All-
Sky Monitor (ASM) observations. The peak-to-peak ampli-
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tude of the modulation as a fration of the average intensity
was at most 6 per ent from the beginning of the RXTE
mission in 1996 until 2005 January 19, but was about 18
per ent thereafter to 2005 May 25 and in four intervals be-
tween the latter date and 2006 June 9. The modulation was
more or less independent of energy.
The distane of GX 9+9 is not well established, but
it is generally onsidered to be a Galati bulge objet.
An estimate of 5 kp is almost universally used (from
Christian & Swank 1997, based on visual magnitude, X-
ray ux during `burst' episodes and an assumed similarity
with X1735-44), but oasionally so is 7 kp (Shaefer 1990;
Vilhu et al. 2007).
Reently Vilhu et al. (2007) studied INTErnational
Gamma-Ray Astrophysis Laboratory (INTEGRAL) and
RXTE spetra of GX 9+9 from 2003 and 2004 in the frame-
work of the spreading layer theory, a model for the luminous
zone formed on a neutron star surfae as a ontinuation of
the traditional geometrially thin aretion dis. The spetra
were tted with a model onsisting of two blakbody ompo-
nents, one of whih is multiolour and originates in the inner
aretion dis, while the other is weakly Comptonized and
omes from the spreading layer. Estimates of the angular
extent of the spreading layer on the stellar surfae seemed
to agree with the theory, but there was unexpetedly an ap-
parent inrease of the spreading layer temperature at low
luminosities.
This paper is a ontinuation of the work of Vilhu et al.
(2007), using a muh larger data sample. Setion 2 disusses
the spreading layer theory, Setion 3 presents the observa-
tions used in this work and the data redution methods, Se-
tion 4 introdues the spetral model, while Setion 5 inludes
the tting results, Setion 6 some disussion, and Setion 7
the nal onlusions.
2 SPREADING LAYERS
In non-pulsating neutron star (NS) LMXBs, the magneti
eld of the neutron star is weak enough (6 108 G) not to
aet the aretion ow, and so the aretion dis an extend
to the neutron star surfae. If the star rotates slower than the
Keplerian veloity of the infalling matter, the dierene in
kineti energy must be radiated in a boundary layer between
the aretion dis and the stellar surfae. This energy is of
the same order as that radiated in the aretion dis, but
omes from a smaller area loser to the star, whih should
be hotter than the dis and thus produe harder radiation.
The original aretion dis model of
Shakura & Sunyaev (1973) led to a boundary layer
(BL) model (see e.g. Popham & Sunyaev (2001) and
referenes therein) that was thin both radially and lat-
itudinally, in whih the turbulent frition between the
dierentially rotating layers of gas was responsible for
slowing it down to the stellar rotational veloity. However,
Inogamov & Sunyaev (1999) introdued a new approah
where the prinipal frition mehanism is the turbulent
visosity between the infalling matter spreading on the
stellar surfae and the slowly moving dense matter beneath
it. After an intermediate bottlenek zone, the latitudinal
veloity vθ exeeds the radial veloity vr, and the plasma
forms a distint spreading layer (SL), dynamially sepa-
Figure 1. The spreading layer geometry. Matter ows from the
aretion dis onto the neutron star surfae and forms the SL,
dened as the faster-rotating, radiating part of the spreading ow.
θ is the boundary angle of this zone, outside whih the surfae is
relatively ool and dark. vθ is the latitudinal veloity and vϕ the
azimuthal (rotational) veloity.
rate from the aretion dis. Fig. 1 illustrates the basi
geometry. The width of the spreading layer, dened as the
area where the matter rotates faster than the underlying
surfae, inreases along with the aretion rate M˙ , and
onsequently the luminosity L. The best-tting power-law
dependene to these in the numerially integrated model
had an index of ∼ 0.8. At a ertain rate M˙pole almost the
entire surfae is overed by the SL. The radial thikness
and its prole also depend on M˙ ; at their maximum in the
dis plane they are in the range of 0.22 km. Unlike the
traditional boundary layer model, where the luminosity
has a maximum at the equator, the spreading layer model
turns out to have luminosity maxima near the outer edges
of the radiating zone, while at the equator there is a loal
minimum. Radiation from below the spreading ow is
reproessed into the blakbody-like SL spetrum in the
optially thik, higher M˙ ase and Comptonized at very
small M˙ and τ .
Suleimanov & Poutanen (2006) alulated the spetra
produed by a spreading layer at dierent luminosities, and
seen from dierent inlination angles; the dependene on
both of these was slight. The SL spetrum was found to
be lose to a diluted blakbody. Both the eetive tem-
perature Teff and the hardness fator fc, with whih it is
multiplied to get the observed olour temperature Tc of the
blakbody, inreased slightly with SL luminosity. The the-
ory of Inogamov & Sunyaev (1999) was developed by taking
into aount hemial ompositions other than pure hydro-
gen and a general relativity orretion to the surfae gravity.
In the original theory, energy release was assumed to happen
mainly in a thin sublayer at the bottom of the SL. Here it
was shown that the spetra depend very little on the verti-
al struture of the SL when the surfae density is high (i.e.
optially thik ase).
A few papers have ompared the theory with obser-
vations, as well as with the preditions of the traditional
boundary layer theory. Evidene supporting the SL senario
has been found, but the superiority of either model is yet to
be established onlusively.
Churh et al. (2002) ompared the SL and BL theories
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with the results of a survey of LMXBs using the Advaned
Satellite for Cosmology and Astrophysis (ASCA), whih
were originally published by Churh & Baªui«ska-Churh
(2001). They found good agreement with the former at low
luminosities, but at higher luminosities the blakbody emis-
sion exeeded preditions by a fator of two to four, suggest-
ing that radial ow dominated the emitting area.
Gilfanov et al. (2003) and Revnivtsev & Gilfanov
(2006) used Fourier frequeny resolved spetrosopy to
study the short term variability of luminous LMXBs.
They found that the shapes of the more variable (on
∼seondmilliseond time sales) hard omponent were
blakbody-like and luminosity-independent, with olour
temperatures of 2.4 ± 0.1 keV. This was onsistent
with the SL model. Suleimanov & Poutanen (2006)
also ompared their theoretial SL spetra to those of
Revnivtsev & Gilfanov (2006), nding in ve ases out of
six a soft exess below 10 keV. This was interpreted as
possibly oming from a lassial boundary layer, existing
between the aretion dis and the spreading layer.
3 OBSERVATIONS AND DATA REDUCTION
The basi data set for this work was formed by all avail-
able pointed observations of GX 9+9 by the INTEGRAL
(Winkler et al. 2003) and RXTE (Bradt et al. 1993) satel-
lites between 2002 and 2007.
For INTEGRAL, we used data from both Joint Eu-
ropean X-ray Monitors (JEM-X, Lund et al. 2003; JEM-
X2 before 2004 Marh, JEM-X1 afterwards) and the IN-
TEGRAL Soft Gamma-Ray Imager (ISGRI, Lebrun et al.
2003)  the low energy detetor of the Imager on Board the
INTEGRAL Satellite (IBIS,Ubertini et al. 2003). All data
were redued using the O-line Siene Analysis (OSA) ver-
sion 7 software. To reate average spetra, all pointings with
more than a few hundred seonds of good JEM-X data and
with osets below 5◦ were used. For the individual spetra,
to ensure suient S/N, we limited the osets to 4◦.
The RXTE instruments utilized were Proportional
Counter Units (PCUs) 0 and 2 of the Proportional Counter
Array (PCA, Jahoda et al. 1996), as the rest are o most
of the time, using all three Xenon layers, and mostly lus-
ter A, but for a few observations when it was o luster
B of the High Energy X-ray Timing Experiment (HEXTE,
Rothshild et al. 1998). PCA spetra were extrated from
the Standard-2 mode data, using 16 s binning, and HEXTE
spetra from the Arhive mode data, using 32 s binning to
math the dwell times.
Observations over several orbital periods were divided
into ontinuous single-orbit viewings of the soure. The time
resolution is thus about 3200 seonds.
The Good Time Interval (GTI) riteria were the follow-
ing: PCUs 0 and 2 must be on, the oset from target less
than 0.02◦, the elevation above 10◦ to eliminate earth o-
ultations and atmospheri inuene, the parameter value
ELECTRON2 (a measure of bakground eletron ontami-
nation for PCU 2, usually idential for the other PCUs) be-
low 0.1 and the time sine South Atlanti Anomaly passage
more than 10 minutes (or negative). The GTI extensions in
the data les themselves were also applied, exept for one
observation where this resulted in no data at all.
The PCA deadtime orretion fators were alulated
from the orresponding Standard-1 data. The epoh 5 bright
bakground model was used to reate the bakground data
les, from whih the PCA bakground spetra were ex-
trated. The two HEXTE bakground elds produed by
the beamswithing were redued together.
The nal set onsisted of 42 JEM-X1+ISGRI, 62 JEM-
X2+ISGRI and 92 PCA+HEXTE spetra (196 in total),
spanning 2002 May 1 to 2007 July 4.
4 THE MODEL
The spetral modelling was done with Xspe v.12.4.0, using
a similar model as the one in Vilhu et al. (2007). It essen-
tially onsists of two modied blakbody omponents, one of
whih represents the aretion dis and the other the spread-
ing layer, plus interstellar absorption. The omposite model
is dened as const ∗ wabs(diskbb + compbb).
LMXB spetral models suh as this, based on
diskbb+ compbb, have been dubbed eastern, in ontrast to
the western models based on a basi blakbody from the
boundary layer and a Comptonized ontinuum from a dis
orona, e.g. bb+ comptt (White et al. 1986); for a ompar-
ison see Paizis et al. (2005).
Compbb is a Comptonized blakbody model after
Nishimura et al. (1986). This model is used for the spread-
ing layer. There are four model parameters: blakbody tem-
perature kT , eletron temperature of the Comptonizing hot
plasma kTe, optial depth of the plasma τ , and the normal-
ization NSL = (Rkm/D10)
2
, where Rkm is the soure radius
in km (if the soure is spherial, whih is not the ase here;
see Setion 6.2) and D10 is the distane to the soure in
units of 10 kp. The Comptonization part is aurate for
photon energies up to the (non-relativisti) eletron tem-
perature, i.e. E .kTe < mec
2
, and partiularly important
when the optial depth is small (τ<3). However, here we
set kTe to equal the blakbody temperature kT , as we have
found the Comptonization hard to onstrain and weak even
at best, and assume it to take plae on or near the SL surfae.
Vilhu et al. (2007) found their best-tting optial thikness
to be 0.53, using kTe = 10 keV.
Diskbb is a multi-temperature blakbody model for a-
retion diss, disussed in e.g. Mitsuda et al. (1984) and
Makishima et al. (1986). The model parameters are Tin, the
temperature at the inner dis radius, and the normalization
NDisc = (Rin/D10)
2cos i, where Rin is an `apparent' inner
dis radius in km, D10 is the distane as in ompbb, and i is
the inlination of the dis normal from the line of sight.
The true inner radius of the dis R, whih we also
assume to be the neutron star and spreading layer ra-
dius (ignoring the thikness of the layer), relates to Rin as
R = Rinξκ
2
, where ξ = (3/7)1/2(6/7)3 ≈ 0.41 is a fa-
tor that arises from a relativisti boundary ondition, whih
auses the dis temperature to reah its maximum outside
the inner radius (Kubota et al. 1998), and κ is a spetral
hardness fator, whih an be assumed to stay at about 1.7
(Makishima et al. 2000; Shimura & Takahara 1995). There-
fore setting Rin to 10 km roughly orresponds to an atual
neutron star radius of 12 km when taking this fator into
aount.
Wabs is an interstellar photoeletri absorption model
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using Wisonsin ross setions (Morrison & MCammon
1983) and the Anders & Ebihara (1982) relative element
abundanes. The neutral Hydrogen olumn density nH was
frozen to 0.196 · 1022m−2, alulated from the LAB sur-
vey (Kalberla et al. 2005) weighted average of seven points
within 1◦ of GX 9+9, by the HEASARC nH web tool.
The model was also multiplied by a onstant,
energy-independent fator (onst) for instrument ross-
alibrations. It was frozen to the deadtime orretion fa-
tor for the PCA spetra (1.0021.008), or to unity for the
JEM-X spetra, and left free for the other instruments.
5 RESULTS
5.1 Spetral tting
The energy bands taken into aount were 327 keV for
PCA, 418 keV for JEM-X1 and JEM-X2, 1027 keV for
HEXTE and 1242 keV for ISGRI; the upper limits were set
where the bakground level typially exeeded the signal for
eah instrument. 3.0 per ent systemati errors were used
for the individual JEM-X+ISGRI spetra, and 2.0 per ent
errors for the individual PCA+HEXTE spetra. The tting
and the 1σ ondene interval alulations were done by the
Levenberg-Marquardt method.
The averaged spetra from all the instruments, tted
simultaneously, are shown in Fig. 2. In the tting, the NDisc
parameters for the HEXTE, ISGRI and JEM-X datasets
were tied to the PCA NDisc parameter. This is beause we
assume the aretion dis to onstantly reah the neutron
star surfae, feeding the optially thik spreading layer and
enabling the blakbody-like hard spetral omponent to ex-
ist. This leads to NDisc being onstant, as dened in the
previous setion. The PCA data were used to establish the
value, as they had the tightest statistial error limits.
All other parameters for the HEXTE and ISGRI
datasets were tied to their equivalents in the PCA and JEM-
X datasets respetively.
As the JEM-X1+ISGRI and JEM-X2+ISGRI obser-
vations are from dierent times than eah other and the
PCA+HEXTE observations, the time-variable parameters
Tin, kT (= kTe), τ , and NSL for these spetral groups were
left independent of eah other. 2.5 per ent systemati er-
rors were used for all the average spetra. The best-tting
parameter values are given in Table 1. As an be seen here,
the JEM-X+ISGRI spetra favoured rather dierent values
than the PCA+HEXTE spetra. The unfolded model tted
to the average spetra an be seen in Fig. 3.
The individual spetra were then tted with the same
model as for the averaged spetra, but in this ase the NDisc
parameter was frozen to the best-tting value obtained from
the averaged spetra. Taking into aount the ondene
limits (36+1
−2), the ts were thus done with NDisc = 34, 36
and 37. The nal ondene limits for the other parameters
were obtained by summing in quadrature their 1σ errors in
the NDisc = 36 ts with the dierenes in the best-tting
values between the ts using NDisc = 36 and those using
NDisc = 34 and NDisc = 37.
The Comptonization optial thikness was hard to
onstrain for the individual spetra, so as an initial hy-
pothesis it was frozen to zero, as suggested by the aver-
age PCA+HEXTE spetra (whih were more onstraining
Table 1. Best-t parameters of the average spetra. Tin and
kT are the inner aretion dis and spreading layer tempera-
tures, respetively, while NSL is the spreading layer normaliza-
tion. The aretion dis normalization NDisc = 36
+1
−2
was tied
to the PCA parameter for all instruments. The Comptonizing
eletron temperature kTe was tied to the SL blakbody temper-
ature. PCA and JEM-X spetra were tted together with orre-
sponding HEXTE and ISGRI spetra, respetively. The bolomet-
ri model (without absorption) ux was 9.7 · 10−9 erg m−2 s−1,
2.3·10−9 erg m−2 s−1 of whih was from the ompbb omponent.
χ2/dof = 256.44/277 ≈ 0.93.
Tin [keV℄ kT , kTe [keV℄ τ NSL
PCA 1.76+0.01
−0.02 2.42
+0.02
−0.02 0.0
+0.1
−0.0 5.9
+0.9
−0.0
JEM-X1 0.97+0.01
−0.02 1.691
+0.010
−0.011 2.18
+0.11
−0.11 12
+1
−1
JEM-X2 1.29+0.07
−0.06 1.699
+0.011
−0.014 2.21
+0.11
−0.12 46
+2
−4
Figure 2. Average spetra for the instruments, folded
const ∗ wabs(diskbb + compbb) model, and data to model ratios.
Figure 3. Unfolded model orresponding to Fig. 2. The lower-
energy family of omponent urves represents the aretion dis
omponent (diskbb) and higher-energy family the spreading layer
omponent (compbb).
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Figure 4. (a) A olour-olour diagram of GX 9+9. The grey area is adapted from Gladstone et al. (2007) and represents all the atoll
soure data; (b) the boxed area of (a); () A orresponding olour-luminosity diagram, assuming a distane of 10 kp and a mass of 1.4
M⊙; (d) the boxed area of ().
than the JEM-X+ISGRI spetra). This eetively rendered
ompbb into a basi area-normalized blakbody (bbodyrad).
Good ts were obtained for nearly all the individual spetra.
For those with χ2/dof > 1.2, 19 out of 195, another t was
made with τ as a free parameter, to see if it would inrease
and if the t would improve. This was not the ase for any
of the 8 PCA+HEXTE spetra. 5 out of 11 JEM-X+ISGRI
spetra gained an inrease in τ , but even at best χ2/dof
only went from 139.17/114 to 132.97/113. It was onluded
that partial Comptonization in the SL was not signiantly
deteted.
The results from four oasions of partially overlapping
INTEGRAL and RXTE observations from 2003 Otober (11
spetra) were seen to be onsistent within error.
The means for the free parameters in the individual ts
were Tin = 1.787 ± 0.005 keV, kT = 2.50 ± 0.02 keV and
NSL = 5.5 ± 0.2; mean χ
2/dof = 0.957 ± 0.014. Sample
tables of the best-tting parameters (full tables in the on-
line version of this paper) an be found in Appendix B.
5.2 Fluxes, olours and luminosities
Response-independent, unabsorbed uxes were integrated
over the model spetra over four energy bands: band A =
34 keV, band B = 46.4 keV, band C = 6.49.7 keV and
band D = 9.716 keV. Hardness ratios were alulated from
the uxes, dening the soft olour as FB/FA and the hard
olour as FD/FC, as in Done & Gierli«ski (2003), and subse-
quently Gladstone et al. (2007) and Vilhu et al. (2007). The
olour-olour diagram of Figs. 4(a) and 4(b) shows GX 9+9
onsistently oupying the banana state, as expeted. The
typial orrelation seen in GX 9+9 is more evident in the
PCA+HEXTE results, whih had onsiderably less statisti-
al variane. The earliest PCA+HEXTE observations from
2002 May 1, May 2, June 6 and June 11 form their own
somewhat distint trak (the purple open squares).
Bolometri uxes and ompbb (SL) omponent uxes
were alulated, the latter by setting the diskbb normal-
ization NDisc to zero. The diskbb uxes were derived by
subtrating the ompbb uxes from the orresponding total
uxes.
To alulate bolometri luminosities from the uxes, a
value has to be assumed for the distane. Let us onsider the
parameter NDisc = (Rin/D10)
2cos i = 36+1
−2. Using Rin = 10
km, as disussed previously, and the most generally used
value for the distane, 5 kp, would result in an inlination
i of 84.8◦. This is unrealisti, as even though the orbital X-
ray modulation has inreased sine early 2005 (Levine et al.
2006), GX 9+9 is not an elipsing binary. Pazy«ski (1971)
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relates the radius of the seondary Rohe lobe r1 and the
orbital separation A to the masses of the seondary and the
neutron star, M1 and M2:
r1
A
= 0.46224
(
M1
M1 +M2
)1/3
The lak of elipses onstrains this to be < 1/(tan i), so
for a 1.4 M⊙ neutron star and a 0.20.45 M⊙ seondary
the inlination upper limit is 74◦77◦. Shaefer (1990) fur-
ther reasons that the lak of signiant dips in the light
urve implies an inlination less than ∼ 70◦. On the other
hand, distanes larger than 11 kp are inreasingly unlikely,
as the binary would be further and further away from the
Galati bulge, and its luminosities inreasingly above the
Eddington limit LEdd. Therefore for the rest of this paper,
we assume a distane of 10 kp. While being twie the usu-
ally quoted value, it has the merit of leaving the inlination
just below 70
◦
without leading to superritial luminosities,
and is quite reasonable for a Galati bulge objet. Fig. 5
shows the parameter dependenes for the best-tting value
and ondene limits, as well as the possible distanes along
the line of sight in Galati ontext. This new distane es-
timate does put GX 9+9 in a less populated area in the
olour-luminosity diagram of Figs. 4() and 4(d), in the ap-
proximate range of 0.50.9 LEdd. Fig. 6 shows the relative
luminosities of the aretion dis and spreading layer om-
ponents. There is no lear orrelation between these, ex-
ept for the earliest PCA+HEXTE observations from 2002
May/June, where the aretion dis luminosity was rather
onstant at a little over 0.4 LEdd. The orrelation is smeared
out by variations in the total luminosity, in a smaller part
due to orbital modulation.
6 DISCUSSION
Of all the available spreading layer variables, luminosity
should be the one most losely orrelated with mass a-
retion rate, the driving fore behind observed hanges not
due to orbital modulation. Therefore the other spreading
layer parameters are presented in relation to it. As an be
seen from Fig. 7, kT and NSL vary onsiderably within a
few hours or days, but are lose to onstant on longer time
sales, with perhaps a slight indiation of a rising trend in
the former and a dereasing trend in the latter.
6.1 Spreading layer temperature
In the models of Suleimanov & Poutanen (2006), the ee-
tive SL temperature Teff dereases slightly with dereasing
SL luminosity. The observed olour temperature (kT = Tc =
fcTeff) results in Fig. 8(a) show an opposite trend, as they
also did in Vilhu et al. (2007). This may be due to an atual
inrease of the eetive temperature from some low are-
tion rate fator that has not been properly onsidered in the
theory, or the luminosity dependene of the hardness fator
fc = Tc/Teff . In the latter ase, fc should have a similar
or somewhat stronger low-luminosity inrease. The analyti-
al formula for fc of Pavlov et al. (1991) that was used by
Suleimanov & Poutanen (2006) instead gives a strong de-
rease at luminosities below 0.1 LEdd:
Figure 5. (a) Inlination versus distane for NDisc =
(Rin/D10)
2cos i = 36+1
−2 at three dierent values of R ≈ 1.19Rin
(urves). The horizontal lines are the maximum inlinations in
the ase of a 0.2 or 0.45 M⊙ seondary, 77
◦
and 74◦, while the
vertial dashed line denotes the distane of ∼ 11 kp, where the
high end of the luminosity distribution alulated from the model
uxes surpasses the Eddington limit. The region of aeptability
is shaded; (b) Suggested loations of GX 9+9 along the line of
sight (white dots) and a ross setion of the Galati environ-
ment (after Buser 2000). GX 9+9 most likely belongs to either
the bulge or the thik dis population.
Figure 6. Luminosities of the two model omponents.
fc =
(
0.14 ln
(
3 + 5X
1− L
)
+ 0.59
)− 4
5
(
3 + 5X
1− L
) 2
15
L
3
20
(1)
where X is the hydrogen mass fration and the luminos-
ity L is expressed in Eddington units. This formula has
been suessful in desribing near-Eddington luminosity
(> 0.9 LEdd) X-ray burst spetra (Pavlov et al. 1991), but
may be inorret in the low-luminosity domain where it has
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Figure 7. Best-t spreading layer parameter values vs. time
(MJD). (a) kT ; (b) NSL.
not been extensively tested. As an be seen in Fig. 8(b),
where the eetive temperature as given by Equation (1) is
shown, this dependeny for the hardness fator only serves
to highlight the disrepany between the results and the
theory, leading to a lear superritial temperature inrease
towards the lower luminosities. The ritial Eddington ee-
tive temperature TEdd is determined by the balane between
the surfae gravity and the radiative aeleration:
GM
R2
√
1−RS/R
=
σSBT
4
Edd
c
σe
⇒ TEdd = 4
√
GMc
σSBσeR2
√
1− 2GM/c2R
where σe = 0.02(1 + X) m
2
kg
−1
is the eletron sattering
opaity, X is the hydrogen mass fration and σSB is the
Stefan-Boltzmann onstant Suleimanov & Poutanen (2006).
For solar omposition plasma (X = 0.7), M = 1.4 M⊙ and
R = 12000 m, TEdd ≈ 1.92 keV.
6.2 Spreading layer boundary angle
As mentioned in Setion 4, the spreading layer normaliza-
tion NSL is proportional to R
2
km and to the inverse of D
2
10.
As the spreading layer is not a spherial soure, Rkm 6= R.
To estimate the extent of the SL area to even some degree
Figure 8. (a) Observed spreading layer olour temperature vs.
luminosity; (b) eetive spreading layer temperature as alulated
from (a) by dividing with the hardness fator fc (Equation 1). The
RXTE/PCA+HEXTE error bars are mostly within the symbols.
Also shown are best-tting power laws (χ2/dof ≈ 2.7) and the
Eddington temperature for spherial emission.
of auray, we need to relate these with a orretive term;
this should, in eet, be the ratio between the projetion on
a plane perpendiular to the line of sight of the visible, lu-
minous SL area ASL and piR
2
, the orresponding projetion
of the whole neutron star area.
Here we ignore relativisti light bending, whih does
atually ause the far hemisphere of a neutron star to be
visible up to an angle of ∼2040◦beyond the lassial hori-
zon. Even so, a few further simplifying assumptions have to
be made. As in Vilhu et al. (2007), the spreading layer is
approximated by a spherial zone extending from the plane
of the aretion dis to a ertain boundary angle θ; the a-
retion dis is opaque and large enough ompared to the
neutron star to hide the other side of the SL at all inlina-
tions i < 90◦. This approximation probably tends to under-
estimate the upper boundary angle, as aording to theory
most of the radiation should ome from a narrower belt that
doesn't reah the equator. But as we an only presume to
see the projeted area and not the shape of it, or its position
on the stellar surfae, having two dierent boundary angles
as free parameters might give arbitrary results. The mathe-
matis of the approximation are presented in Appendix A.
The results agree well with those of a simple Monte
© 2008 RAS, MNRAS 000, 110
8 P. Savolainen et al.
Figure 9. Approximate spreading layer boundary angle vs. lu-
minosity and best-tting power law (χ2/dof ≈ 1.5).
Carlo simulation. For small values of (NSL, θ), both the ap-
proximation and the simulation depend only weakly on the
inlination at i > 60◦. The approximation beomes less a-
urate the more of the SL on the other hemisphere is visible.
The resulting boundary angle values are depited in Fig.
9 as a funtion of spreading layer luminosity. The mean of θ
was (3.67 ± 0.14)◦. The best-tting power law dependeny
is lose to linear, as opposed to the theoretially predited
index of ∼ 0.8 (Inogamov & Sunyaev 1999). Without proper
relativisti orretions, the impliations on theory remain
unlear.
7 CONCLUSIONS
We have ahieved formally suessful ts to a large number
of GX 9+9 spetra with a diskbb + compbb model, inter-
preting the compbb part as spreading layer emission. The
results, however, were somewhat unexpeted.
Assuming the model of an aretion dis onstantly
reahing the neutron star surfae is valid, GX 9+9 may be
twie as distant as previously thought, of the order of 10 kp.
The distane is suggested by the observed normalization of
the soft spetral omponent identied with the aretion
dis (36+1
−2), together with the upper limit imposed on the
system inlination (∼ 70◦) by the lak of elipses. This dis-
tane orresponds to a luminosity range of ∼ 0.50.9LEdd .
Lak of information on the atual neutron star radius denies
us aurate boundaries for the distane.
There was an apparent inrease in the temperature of
the spreading layer omponent at low spreading layer lu-
minosities, either due to an eetive temperature inrease
from some low aretion rate fator not onsidered in the
theory, or inorret theoretial low-luminosity values for the
hardness fator fc.
The spreading layer blakbody parameters varied on-
siderably on time sales of a few hours or days, but were lose
to onstant in the long term, the means being kT ≈ 2.5 keV
and NSL ≈ 5.5. The Comptonization parameters were found
to be unneessary, i.e. no hardening to distort the blakbody
shape was signiantly deteted.
Apart from the low-luminosity temperature rise, the
results were onsistent with spreading layer theory. The
relatively stable SL olour temperature of ∼ 2.5 keV
is also ompatible with the 2.4 ± 0.1 keV observed in
Gilfanov et al. (2003) and Revnivtsev & Gilfanov (2006).
The aforementioned short-term studies might have missed
a low-luminosity temperature rise, if it did our in the
observed soures. Fourier frequeny resolved spetrosopy
should also be applied to GX 9+9 at various SL luminosities
to further ompare the results of the dierent approahes.
There are also some dierenes in the results of this and
earlier observational studies on the subjet. Whereas the ob-
servations in Churh et al. (2002) had good agreement with
the SL theory at low luminosities and trouble at higher ones,
in this work the opposite seems to be the ase. The observed
exess below 10 keV reported by Suleimanov & Poutanen
(2006) was also not deteted in our study.
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APPENDIX A: SL BOUNDARY ANGLE
APPROXIMATION
The extreme ase loser to the likely inlination of the sys-
tem (6070
◦
; see Setion 5.2) is the ase of i ≈ 90◦. Viewed
nearly edge-on, the aretion dis allows us to see only a
semi-irular area of the stellar surfae. To get ASL from
this, we have to subtrat the polar segment, i.e. the area of
the setor whose entral angle is pi−2θ90, minus the triangle
within the spreading layer:
ASL =
piR2
2
−
(
pi − 2θ90
2pi
piR2 − 2 ·
1
2
R2 sin θ90 cos θ90
)
One way to approximate the projeted area at intermedi-
ate inlinations lose to 90◦ is to start with the equation
above and add a few orretive terms. As depited in Fig.
A1(a), `vertial' lines and angles are multiplied by the sine
of the inlination, while `horizontal' lines are multiplied by
the osine. This doesn't apply to the semimajor axis of the
half-ellipse that forms the upper boundary of the SL proje-
tion; it has to be derived from the projeted angle and the
minor athetus:
tan(θ sin i) =
R sin θ sin i
x
⇔ x =
R sin θ sin i
tan(θ sin i)
Adding the area of the lower (`equatorial') half-ellipse and
subtrating the area of the upper one, we get an estimate
of the shaded area in Fig. A1(b) that should be viable at
reasonably high inlinations and low spreading layer angles:
ASL =
piR2
2
−
(
pi − 2θ sin i
2pi
piR2
− 2
(
1
2
R sin θ sin i
R sin θ sin i
tan(θ sin i)
))
+
piR2
2
cos i−
piR2
2
R sin θ sin i
tan(θ sin i)
cos θ cos i
Now NSL is solved to single deimal auray and ompared
to observations to nd θ:
NSL =
R2
D210
(
θ sin i
pi
+
sin2θ sin2i
pi tan(θ sin i)
+
cos i
2
−
sin θ sin i
2 tan(θ sin i)
cos θ cos i
)
R = 12 (km), D10 = 1.0 (= 10 kp) and i = 69.0 (
◦
) were
used for the alulations (Fig. 9).
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Figure A1. The geometry of the projeted visible spreading layer area approximation. (a) ross-setion side view; (b) observer view.
APPENDIX B: BEST-FITTING PARAMETERS This paper has been typeset from a T
E
X/ L
A
T
E
X le prepared
by the author.
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Table B1. Observation ID:s, dates, Modied Julian Dates, best-tting parameter values, bolometri model uxes (in 10−9 erg m−2
s
−1
) and t statistis of the RXTE/PCA+HEXTE spetra.
Obs. ID MM/DD/YY MJD Tin [keV℄ kT [keV℄ NSL FBol χ
2/dof
70022-02-01-00 05/01/02 52395.15 1.66+0.03
−0.01 2.36
+0.02
−0.02 8.1
+0.4
−0.5 8.73 33.80/54
70022-02-01-01G 05/01/02 52395.56 1.68+0.03
−0.01 2.37
+0.03
−0.02 6.4
+0.4
−0.6 8.42 35.11/54
70022-02-01-01G 05/01/02 52395.63 1.68+0.03
−0.01 2.39
+0.02
−0.02 6.8
+0.4
−0.5 8.67 54.34/54
70022-02-01-01G 05/01/02 52395.69 1.69+0.03
−0.01 2.38
+0.03
−0.02 5.6
+0.4
−0.5 8.36 44.53/54
70022-02-01-01G 05/01/02 52395.75 1.66+0.03
−0.01 2.37
+0.02
−0.01 8.2
+0.4
−0.5 8.81 61.64/54
70022-02-01-01G 05/01/02 52395.81 1.68+0.03
−0.01 2.36
+0.02
−0.02 7.5
+0.4
−0.5 8.79 41.06/54
70022-02-01-01 05/01/02 52395.88 1.68+0.03
−0.01 2.37
+0.03
−0.02 5.5
+0.3
−0.5 8.15 35.34/54
70022-02-01-01 05/01/02 52395.94 1.68+0.03
−0.01 2.34
+0.02
−0.02 6.8
+0.4
−0.5 8.46 37.01/54
70022-02-01-01 05/01/02 52396.00 1.68+0.03
−0.01 2.36
+0.02
−0.02 6.6
+0.4
−0.5 8.48 46.34/54
70022-02-01-01 05/01/02 52396.06 1.68+0.03
−0.01 2.36
+0.02
−0.02 6.9
+0.4
−0.5 8.51 41.69/54
70022-02-01-01 05/01/02 52396.13 1.66+0.03
−0.01 2.41
+0.02
−0.01 9.2
+0.4
−0.5 9.33 45.85/54
70022-02-01-02 05/02/02 52396.61 1.67+0.03
−0.01 2.36
+0.03
−0.02 6.3
+0.4
−0.5 8.26 43.04/54
70022-02-01-02 05/02/02 52396.67 1.69+0.03
−0.01 2.38
+0.02
−0.02 6.9
+0.4
−0.5 8.76 38.83/54
70022-02-01-02 05/02/02 52396.73 1.69+0.03
−0.01 2.39
+0.03
−0.02 5.4
+0.3
−0.5 8.26 38.59/54
70022-02-05-00 06/06/02 52431.37 1.68+0.03
−0.01 2.36
+0.03
−0.02 6.1
+0.4
−0.5 8.33 34.44/54
70022-02-05-00 06/06/02 52431.43 1.68+0.03
−0.01 2.40
+0.02
−0.01 8.3
+0.4
−0.5 9.14 38.28/54
70022-02-05-000 06/06/02 52431.49 1.67+0.03
−0.01 2.40
+0.02
−0.01 8.7
+0.4
−0.5 9.25 39.96/54
70022-02-05-000 06/06/02 52431.55 1.69+0.03
−0.01 2.41
+0.03
−0.02 5.7
+0.3
−0.5 8.46 42.30/54
70022-02-05-000 06/06/02 52431.62 1.69+0.03
−0.01 2.39
+0.03
−0.02 6.0
+0.4
−0.5 8.52 31.16/54
70022-02-05-000 06/06/02 52431.68 1.69+0.03
−0.01 2.40
+0.03
−0.02 4.6
+0.3
−0.5 7.99 39.84/54
70022-02-06-00 06/11/02 52436.44 1.70+0.03
−0.01 2.40
+0.03
−0.02 4.9
+0.3
−0.5 8.19 47.93/54
70022-02-06-00 06/11/02 52436.51 1.69+0.03
−0.01 2.43
+0.03
−0.02 4.3
+0.3
−0.4 8.02 38.61/54
70022-02-06-00 06/11/02 52436.63 1.70+0.03
−0.01 2.36
+0.03
−0.02 5.6
+0.4
−0.5 8.37 34.98/54
70022-02-06-00 06/11/02 52436.69 1.70+0.03
−0.01 2.38
+0.03
−0.02 5.0
+0.3
−0.5 8.25 32.53/54
70022-02-06-00 06/11/02 52436.76 1.71+0.03
−0.01 2.42
+0.03
−0.03 4.9
+0.4
−0.5 8.42 41.73/54
70022-02-01-03 09/19/02 52536.49 1.75+0.03
−0.01 2.42
+0.04
−0.03 4.8
+0.4
−0.6 9.04 41.54/54
70022-02-02-01 09/19/02 52536.76 1.71+0.03
−0.02 2.36
+0.02
−0.02 9.1
+0.5
−0.6 9.88 51.20/54
70022-02-02-01 09/19/02 52536.82 1.74+0.03
−0.02 2.35
+0.03
−0.02 7.2
+0.5
−0.6 9.50 41.05/54
70022-02-02-01 09/19/02 52536.88 1.73+0.03
−0.02 2.36
+0.02
−0.02 8.3
+0.4
−0.6 9.77 43.21/54
70022-02-02-00 09/19/02 52536.94 1.74+0.03
−0.02 2.35
+0.03
−0.02 6.8
+0.4
−0.6 9.39 37.64/54
70022-02-03-00 11/15/02 52593.21 1.76+0.03
−0.01 2.46
+0.04
−0.03 3.9
+0.3
−0.5 9.00 50.74/54
70022-02-04-01 01/13/03 52652.49 1.78+0.03
−0.01 2.52
+0.05
−0.04 3.6
+0.4
−0.5 9.33 52.54/55
70022-02-04-01 01/13/03 52652.55 1.76+0.03
−0.02 2.35
+0.03
−0.02 6.5
+0.5
−0.7 9.60 39.69/55
70022-02-04-00 01/13/03 52652.93 1.75+0.03
−0.02 2.41
+0.02
−0.02 7.7
+0.4
−0.6 10.17 43.46/55
70022-02-04-00 01/13/03 52653.00 1.77+0.03
−0.02 2.41
+0.03
−0.02 6.6
+0.4
−0.6 10.11 42.61/55
70022-02-04-00 01/13/03 52653.06 1.75+0.03
−0.02 2.40
+0.02
−0.02 8.6
+0.4
−0.6 10.43 36.93/55
70022-02-04-00 01/13/03 52653.12 1.73+0.03
−0.02 2.42
+0.02
−0.01 9.6
+0.4
−0.6 10.62 50.57/55
70022-02-04-02 01/14/03 52653.23 1.76+0.03
−0.02 2.38
+0.02
−0.02 7.8
+0.5
−0.6 10.16 39.27/55
70022-02-04-02 01/14/03 52653.29 1.75+0.03
−0.02 2.41
+0.02
−0.02 8.3
+0.4
−0.6 10.35 32.18/55
70022-02-04-02 01/14/03 52653.35 1.76+0.03
−0.02 2.40
+0.03
−0.02 6.9
+0.4
−0.6 9.95 54.71/55
70022-02-07-00 09/16/03 52898.92 1.79+0.03
−0.02 2.39
+0.03
−0.02 7.6
+0.5
−0.7 10.67 59.59/55
70022-02-07-01 09/16/03 52898.97 1.75+0.03
−0.02 2.42
+0.02
−0.01 10.2
+0.5
−0.6 11.13 36.44/55
70022-02-07-02 09/17/03 52899.03 1.78+0.03
−0.02 2.42
+0.02
−0.02 8.6
+0.5
−0.6 11.08 47.17/55
80020-04-01-01 10/09/03 52921.57 1.82+0.03
−0.02 2.48
+0.05
−0.03 3.9
+0.4
−0.6 10.21 52.36/55
80020-04-01-00 10/09/03 52921.66 1.82+0.03
−0.02 2.44
+0.05
−0.04 4.0
+0.5
−0.7 10.10 42.59/55
80020-04-02-00 10/11/03 52923.09 1.82+0.03
−0.02 2.46
+0.04
−0.03 4.4
+0.4
−0.6 10.32 45.71/55
80020-04-02-01 10/11/03 52923.16 1.81+0.03
−0.01 2.52
+0.05
−0.03 3.2
+0.3
−0.5 9.72 64.07/55
80020-04-03-00 10/13/03 52925.54 1.83+0.03
−0.01 2.56
+0.06
−0.04 2.9
+0.3
−0.5 10.19 55.49/55
80020-04-04-00 10/13/03 52925.91 1.83+0.03
−0.02 2.44
+0.03
−0.03 6.3
+0.5
−0.7 11.29 48.32/55
70022-02-08-00 01/16/04 53020.05 1.81+0.03
−0.02 2.45
+0.04
−0.03 4.8
+0.4
−0.6 10.23 58.02/55
70022-02-08-00 01/16/04 53020.11 1.80+0.03
−0.02 2.42
+0.03
−0.02 8.2
+0.5
−0.7 11.30 52.09/55
70022-02-08-02 01/16/04 53020.18 1.82+0.03
−0.02 2.47
+0.04
−0.03 4.4
+0.4
−0.6 10.44 36.49/55
70022-02-07-04 01/16/04 53020.90 1.76+0.03
−0.02 2.48
+0.02
−0.02 11.7
+0.5
−0.7 12.42 42.57/55
70022-02-07-03 01/17/04 53021.03 1.81+0.03
−0.02 2.41
+0.03
−0.02 6.4
+0.5
−0.7 10.74 36.74/55
70022-02-07-03 01/17/04 53021.10 1.79+0.03
−0.02 2.38
+0.03
−0.02 7.4
+0.5
−0.7 10.66 44.78/55
70022-02-07-03 01/17/04 53021.16 1.81+0.03
−0.02 2.44
+0.03
−0.02 5.6
+0.4
−0.6 10.66 41.42/55
70022-02-07-05 01/21/04 53025.95 1.82+0.03
−0.02 2.42
+0.04
−0.03 5.7
+0.5
−0.7 10.71 40.98/55
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Table B1  ontinued Observation ID:s, dates, Modied Julian Dates, best-tting parameter values, bolometri model uxes (in 10−9
erg m
−2
s
−1
) and t statistis of the RXTE/PCA+HEXTE spetra.
Obs. ID MM/DD/YY MJD Tin [keV℄ kT [keV℄ NSL FBol χ
2/dof
70022-02-08-01 01/22/04 53026.02 1.80+0.03
−0.01 2.46
+0.04
−0.03 4.0
+0.4
−0.5 9.85 58.17/55
70022-02-08-01 01/22/04 53026.09 1.81+0.03
−0.02 2.50
+0.05
−0.03 3.8
+0.4
−0.6 9.99 47.64/55
80020-04-05-00 02/18/04 53053.36 1.85+0.03
−0.02 2.51
+0.05
−0.04 3.9
+0.4
−0.6 10.87 42.57/55
80020-04-05-00 02/18/04 53053.43 1.81+0.03
−0.02 2.42
+0.04
−0.03 4.4
+0.4
−0.6 10.05 53.55/55
80020-04-06-00 02/20/04 53055.63 1.81+0.03
−0.02 2.41
+0.03
−0.02 6.9
+0.5
−0.7 10.92 43.25/55
70022-02-09-03 04/26/04 53121.88 1.79+0.03
−0.01 2.47
+0.04
−0.03 3.7
+0.3
−0.5 9.51 76.81/55
70022-02-09-03 04/26/04 53121.94 1.81+0.03
−0.02 2.43
+0.04
−0.03 4.9
+0.4
−0.6 10.22 44.76/55
70022-02-09-04 04/27/04 53122.01 1.80+0.03
−0.02 2.47
+0.02
−0.02 8.2
+0.4
−0.6 11.52 53.88/55
70022-02-09-02 04/27/04 53122.82 1.80+0.03
−0.01 2.52
+0.05
−0.03 3.4
+0.3
−0.5 9.66 71.75/55
70022-02-09-01 04/27/04 53122.93 1.80+0.03
−0.01 2.50
+0.04
−0.03 3.6
+0.3
−0.5 9.76 75.82/55
70022-02-09-02 04/27/04 53122.99 1.81+0.03
−0.02 2.47
+0.04
−0.03 4.3
+0.4
−0.6 10.16 52.45/55
70022-02-09-00 04/29/04 53124.70 1.80+0.03
−0.02 2.45
+0.04
−0.03 4.5
+0.4
−0.6 10.00 43.28/55
70022-02-09-00 04/29/04 53124.77 1.81+0.03
−0.02 2.44
+0.04
−0.02 5.1
+0.4
−0.6 10.36 54.08/55
70022-02-09-00 04/29/04 53124.83 1.79+0.03
−0.01 2.48
+0.04
−0.03 3.7
+0.3
−0.5 9.58 66.55/55
70022-02-09-00 04/29/04 53124.89 1.80+0.03
−0.01 2.51
+0.05
−0.03 3.5
+0.3
−0.5 9.71 57.94/55
70022-02-09-00 04/29/04 53124.95 1.80+0.03
−0.01 2.47
+0.04
−0.03 4.1
+0.4
−0.5 9.88 45.10/55
70022-02-10-00 06/24/04 53180.69 1.82+0.03
−0.02 2.50
+0.04
−0.03 3.7
+0.3
−0.5 10.09 43.67/55
70022-02-09-05 06/24/04 53180.78 1.78+0.03
−0.02 2.46
+0.02
−0.02 9.6
+0.5
−0.7 11.71 46.63/55
80020-04-07-00 08/26/04 53243.70 1.85+0.03
−0.02 2.51
+0.04
−0.03 5.2
+0.5
−0.7 11.45 42.32/55
80020-04-07-01 08/26/04 53243.77 1.83+0.03
−0.02 2.45
+0.03
−0.02 8.3
+0.6
−0.8 12.10 37.52/55
80020-04-07-02 08/26/04 53243.84 1.83+0.03
−0.02 2.43
+0.03
−0.03 7.2
+0.6
−0.8 11.56 57.37/55
80020-04-07-03 08/26/04 53243.91 1.85+0.03
−0.02 2.48
+0.05
−0.03 4.4
+0.5
−0.7 10.95 41.51/55
80020-04-08-00 09/04/04 53252.69 1.83+0.03
−0.01 2.61
+0.06
−0.04 2.3
+0.3
−0.4 10.03 107.10/55
80020-04-08-02 09/04/04 53252.75 1.84+0.03
−0.02 2.54
+0.06
−0.04 3.0
+0.3
−0.5 10.29 71.34/55
80020-04-08-01 09/05/04 53253.53 1.83+0.03
−0.02 2.45
+0.03
−0.02 6.6
+0.5
−0.7 11.32 61.01/55
80020-04-08-01 09/05/04 53253.60 1.82+0.03
−0.02 2.46
+0.03
−0.02 6.8
+0.5
−0.7 11.34 32.04/55
80020-04-09-00 09/11/04 53259.98 1.86+0.03
−0.02 2.47
+0.04
−0.03 5.0
+0.5
−0.7 11.33 54.09/55
92415-01-01-02 06/20/06 53906.35 1.77+0.03
−0.01 2.55
+0.05
−0.03 2.8
+0.3
−0.4 8.93 75.65/54
92415-01-01-02 06/20/06 53906.41 1.76+0.03
−0.01 2.52
+0.04
−0.03 3.1
+0.3
−0.4 8.78 53.97/54
92415-01-02-00 09/01/06 53979.38 1.82+0.03
−0.02 2.48
+0.04
−0.02 5.2
+0.4
−0.6 10.74 63.69/55
92415-01-02-00 09/01/06 53979.44 1.78+0.03
−0.01 2.45
+0.03
−0.02 5.8
+0.4
−0.5 10.11 64.51/55
92415-01-02-00 09/01/06 53979.51 1.79+0.03
−0.02 2.51
+0.02
−0.02 9.4
+0.4
−0.6 12.11 60.49/55
92415-01-02-00 09/01/06 53979.57 1.83+0.03
−0.02 2.50
+0.04
−0.03 4.4
+0.4
−0.5 10.60 51.11/55
92415-01-02-00 09/01/06 53979.63 1.77+0.03
−0.01 2.44
+0.03
−0.02 5.0
+0.4
−0.5 9.66 56.65/55
93406-09-01-00 07/04/07 54285.73 1.87+0.03
−0.01 2.74
+0.07
−0.05 1.7
+0.2
−0.3 10.66 89.47/55
Table B2. Siene Window ID:s, dates, Modied Julian Dates, best-tting parameter values, bolometri model uxes (in 10−9 erg m−2
s
−1
) and t statistis of the INTEGRAL/JEM-X2+ISGRI spetra.
SW ID MM/DD/YY MJD Tin [keV℄ kT [keV℄ NSL FBol χ
2/dof
5600760010 03/31/03 52729.80 1.75+0.05
−0.04 2.34
+0.10
−0.09 13.6
+3.5
−3.0 11.72 126.25/114
5600770010 03/31/03 52729.82 1.77+0.05
−0.04 2.36
+0.17
−0.14 8.4
+3.8
−2.8 10.47 109.34/114
5601000010 04/01/03 52730.33 1.89+0.04
−0.03 3.08
+0.65
−0.47 1.0
+1.3
−0.7 10.82 101.08/114
5601010010 04/01/03 52730.35 1.82+0.04
−0.02 2.69
+0.18
−0.16 3.6
+1.4
−1.1 10.65 101.08/114
5601020010 04/01/03 52730.38 1.81+0.05
−0.05 2.42
+0.14
−0.12 11.9
+4.3
−3.4 12.68 114.03/114
5601090010 04/01/03 52730.54 1.84+0.02
−0.03 3.78
+3.86
−1.09 0.1
+0.5
−0.1 9.11 124.69/114
5900290010 04/08/03 52737.81 1.86+0.02
−0.02 3.99
+1.28
−1.25 0.2
+0.5
−0.2 9.67 128.63/114
5900300010 04/08/03 52737.84 1.88+0.03
−0.03 2.78
+0.73
−0.59 0.7
+2.2
−0.6 10.12 108.84/114
5900310010 04/08/03 52737.86 1.77+0.06
−0.10 2.00
+0.43
−0.23 8.9
+15.1
−6.7 9.17 115.37/114
6100920010 04/16/03 52745.26 1.70+0.06
−0.07 2.20
+0.18
−0.15 13.9
+7.7
−5.4 10.13 124.72/114
6200730010 04/18/03 52748.00 1.74+0.06
−0.07 2.29
+0.33
−0.24 6.9
+6.8
−3.8 9.13 126.12/114
6200740010 04/19/03 52748.02 1.77+0.05
−0.05 2.13
+0.14
−0.12 11.5
+5.5
−4.1 10.23 119.04/114
6200750010 04/19/03 52748.04 1.69+0.06
−0.06 2.32
+0.15
−0.13 12.6
+5.1
−3.8 10.31 120.18/114
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Table B2  ontinued Siene Window ID:s, dates, Modied Julian Dates, best-tting parameter values, bolometri model uxes (in
10−9 erg m−2 s−1) and t statistis of the INTEGRAL/JEM-X2+ISGRI spetra.
SW ID MM/DD/YY MJD Tin [keV℄ kT [keV℄ NSL FBol χ
2/dof
6200890010 04/19/03 52748.35 1.73+0.05
−0.05 2.08
+0.14
−0.11 11.7
+5.8
−4.2 9.41 98.48/114
6200900010 04/19/03 52748.37 1.75+0.04
−0.03 2.24
+0.11
−0.10 8.3
+2.9
−2.3 9.56 117.49/114
6200910010 04/19/03 52748.41 1.81+0.05
−0.04 2.34
+0.24
−0.18 6.2
+4.1
−2.9 10.28 113.41/114
6200920010 04/19/03 52748.43 1.73+0.06
−0.06 2.23
+0.20
−0.16 10.3
+6.3
−4.3 9.78 125.70/114
6300330010 04/20/03 52749.83 1.75+0.04
−0.04 2.33
+0.25
−0.20 5.6
+4.1
−2.6 9.02 108.19/114
6300340010 04/20/03 52749.85 1.73+0.04
−0.04 2.19
+0.19
−0.16 6.9
+4.3
−2.9 8.65 115.41/114
6300350010 04/20/03 52749.87 1.76+0.04
−0.03 2.56
+0.24
−0.19 3.5
+1.9
−1.4 9.15 115.12/114
6300360010 04/20/03 52749.90 1.79+0.04
−0.03 2.77
+0.46
−0.35 1.6
+1.7
−0.9 8.98 113.74/114
6300500010 04/21/03 52750.21 1.71+0.04
−0.05 2.20
+0.21
−0.17 6.9
+4.6
−2.9 8.35 128.63/114
6300510010 04/21/03 52750.23 1.77+0.04
−0.04 2.27
+0.19
−0.15 6.7
+3.7
−2.6 9.62 106.33/114
6400090010 04/23/03 52752.13 1.60+0.10
−0.14 1.87
+0.26
−0.16 20.0
+19.7
−11.9 7.73 139.17/114
6400100010 04/23/03 52752.15 1.76+0.05
−0.05 2.19
+0.20
−0.15 7.9
+5.0
−3.4 9.48 103.03/114
6400110010 04/23/03 52752.17 1.74+0.07
−0.10 2.13
+0.34
−0.24 9.8
+12.8
−5.9 9.37 112.21/114
11901120010 10/06/03 52918.99 1.81+0.05
−0.07 2.21
+0.35
−0.25 6.1
+8.2
−3.8 9.89 103.87/114
12000820010 10/09/03 52921.28 1.82+0.06
−0.08 2.02
+0.47
−0.25 6.4
+13.8
−5.1 9.69 126.41/114
12000830010 10/09/03 52921.30 1.78+0.07
−0.09 2.08
+0.42
−0.23 8.2
+12.1
−5.9 9.46 115.50/114
12000980010 10/09/03 52921.64 1.87+0.04
−0.04 2.74
+0.61
−0.45 2.1
+3.6
−1.5 10.86 130.45/114
12000990010 10/09/03 52921.66 1.82+0.04
−0.04 2.43
+0.26
−0.21 4.5
+3.2
−2.0 10.15 104.14/114
12001000010 10/09/03 52921.68 1.80+0.06
−0.07 2.32
+0.31
−0.23 7.3
+7.2
−3.9 10.50 94.34/114
12100060010 10/10/03 52922.53 1.72+0.05
−0.06 2.09
+0.23
−0.18 8.7
+7.4
−4.4 8.68 113.37/114
12100070010 10/10/03 52922.55 1.82+0.03
−0.02 3.32
+0.38
−0.32 0.7
+0.4
−0.3 9.34 118.75/114
12100080010 10/10/03 52922.58 1.85+0.03
−0.03 2.76
+0.55
−0.39 1.3
+1.8
−0.9 9.86 108.45/114
12100310010 10/11/03 52923.09 1.85+0.04
−0.04 2.41
+0.23
−0.18 5.4
+3.4
−2.3 11.07 95.06/114
12100320010 10/11/03 52923.11 1.87+0.05
−0.05 2.28
+0.32
−0.22 5.5
+5.4
−3.3 11.21 134.08/114
12100330010 10/11/03 52923.13 1.91+0.03
−0.02 2.95
+0.41
−0.35 1.3
+1.2
−0.7 11.41 106.52/114
12100410010 10/11/03 52923.31 1.86+0.03
−0.02 3.01
+0.36
−0.31 1.5
+1.1
−0.6 10.61 105.37/114
12200060010 10/13/03 52925.53 1.87+0.04
−0.04 2.64
+0.55
−0.41 2.1
+3.7
−1.4 10.69 150.95/114
12200070010 10/13/03 52925.54 1.90+0.04
−0.03 2.88
+0.56
−0.39 1.5
+1.7
−1.0 11.28 100.77/114
12200080010 10/13/03 52925.56 1.79+0.07
−0.09 2.07
+0.29
−0.19 11.7
+12.1
−7.0 10.22 104.56/114
12200210010 10/13/03 52925.85 1.89+0.05
−0.05 2.41
+0.33
−0.25 5.2
+5.2
−2.8 11.76 99.51/114
12200220010 10/13/03 52925.87 1.96+0.04
−0.03 2.80
+0.34
−0.26 2.8
+2.0
−1.4 13.33 122.82/114
12200230010 10/13/03 52925.89 1.91+0.04
−0.03 2.56
+0.27
−0.21 3.8
+2.5
−1.8 12.18 113.65/114
12200240010 10/13/03 52925.92 1.88+0.05
−0.04 2.43
+0.20
−0.16 6.4
+3.5
−2.5 12.23 144.03/114
12200380010 10/14/03 52926.23 1.97+0.03
−0.02 3.76
+0.57
−0.49 0.7
+0.6
−0.3 13.34 126.28/114
12200390010 10/14/03 52926.25 1.86+0.05
−0.05 2.26
+0.18
−0.14 9.3
+5.2
−3.7 11.97 100.62/114
12200400010 10/14/03 52926.27 1.93+0.04
−0.03 2.80
+0.20
−0.18 4.8
+2.1
−1.5 13.90 134.50/114
16400250010 02/16/04 53051.65 1.86+0.05
−0.05 2.53
+0.27
−0.22 6.4
+4.6
−2.7 12.27 99.48/114
16400260010 02/16/04 53051.67 1.81+0.05
−0.05 2.30
+0.23
−0.18 8.2
+5.5
−3.7 10.88 142.47/114
16400400010 02/16/04 53051.98 1.83+0.04
−0.04 2.54
+0.34
−0.26 3.7
+3.2
−1.8 10.42 113.52/114
16400410010 02/17/04 53052.01 1.83+0.04
−0.04 2.34
+0.21
−0.17 6.1
+3.7
−2.6 10.67 110.75/114
16400420010 02/17/04 53052.03 1.86+0.04
−0.03 2.66
+0.31
−0.23 2.9
+2.0
−1.4 10.92 122.15/114
16400430010 02/17/04 53052.05 1.80+0.05
−0.04 2.20
+0.15
−0.13 9.2
+4.6
−3.4 10.56 134.41/114
16400440010 02/17/04 53052.07 1.90+0.04
−0.03 2.79
+0.39
−0.30 1.9
+1.7
−1.0 11.32 102.48/114
16500640010 02/20/04 53055.60 1.87+0.04
−0.03 2.42
+0.20
−0.16 5.3
+2.8
−2.1 11.37 90.45/114
16500660010 02/20/04 53055.66 1.88+0.04
−0.03 2.81
+0.26
−0.21 3.3
+1.7
−1.3 12.05 125.40/114
16500670010 02/20/04 53055.68 1.83+0.04
−0.04 2.32
+0.16
−0.13 8.0
+3.6
−2.8 11.31 111.32/114
16500680010 02/20/04 53055.70 1.83+0.05
−0.05 2.38
+0.23
−0.19 6.7
+4.7
−2.9 11.09 121.00/114
16500820010 02/21/04 53056.02 1.83+0.05
−0.06 2.24
+0.26
−0.19 8.3
+7.0
−4.3 11.06 85.04/114
16500830010 02/21/04 53056.04 1.85+0.05
−0.06 2.25
+0.36
−0.24 6.1
+7.3
−3.8 10.87 93.07/114
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Table B3. Siene Window ID:s, dates, Modied Julian Dates, best-tting parameter values, bolometri model uxes (in 10−9 erg m−2
s
−1
) and t statistis of the INTEGRAL/JEM-X1+ISGRI spetra.
SW ID MM/DD/YY MJD Tin [keV℄ kT [keV℄ NSL FBol χ
2/dof
23100020010 09/03/04 53251.51 1.72+0.05
−0.05 2.34
+0.19
−0.17 7.0
+4.1
−2.6 9.04 104.80/114
23100240010 09/04/04 53252.41 1.83+0.04
−0.04 2.78
+0.58
−0.46 1.8
+3.1
−1.1 9.96 109.38/114
23100250010 09/04/04 53252.42 1.83+0.04
−0.03 2.63
+0.43
−0.32 2.3
+2.6
−1.3 9.90 106.35/114
23100260010 09/04/04 53252.44 1.85+0.03
−0.02 3.19
+0.48
−0.43 0.9
+0.9
−0.4 10.03 113.03/114
23100390010 09/04/04 53252.73 1.84+0.04
−0.04 2.28
+0.22
−0.17 5.8
+4.0
−2.6 10.61 129.92/114
23100400010 09/04/04 53252.75 1.81+0.04
−0.03 2.33
+0.20
−0.15 5.5
+3.1
−2.3 10.09 121.47/114
23100410010 09/04/04 53252.77 1.85+0.04
−0.03 2.59
+0.42
−0.30 2.3
+2.5
−1.4 10.20 128.01/114
23100420010 09/04/04 53252.80 1.84+0.02
−0.02 3.25
+0.54
−0.35 1.1
+0.8
−0.6 10.28 105.60/114
23100430010 09/04/04 53252.82 1.88+0.03
−0.02 2.94
+0.36
−0.28 1.4
+1.0
−0.7 10.93 139.58/114
23100440010 09/04/04 53252.86 1.89+0.03
−0.03 3.02
+0.57
−0.41 1.2
+1.3
−0.7 10.94 109.34/114
23300990010 09/11/04 53259.84 1.89+0.03
−0.02 2.92
+0.40
−0.33 1.1
+0.9
−0.5 10.72 139.64/114
23301000010 09/11/04 53259.86 1.91+0.04
−0.03 2.62
+0.27
−0.21 3.0
+1.9
−1.4 11.78 135.98/114
23301010010 09/11/04 53259.88 1.85+0.04
−0.03 2.42
+0.18
−0.15 6.1
+2.9
−2.2 11.29 131.46/114
23301020010 09/11/04 53259.90 1.88+0.04
−0.03 2.55
+0.28
−0.21 4.1
+2.8
−1.9 11.65 141.51/114
23301030010 09/11/04 53259.93 1.87+0.03
−0.02 2.64
+0.24
−0.19 2.3
+1.3
−1.0 10.77 128.15/114
23301040010 09/11/04 53259.96 1.89+0.04
−0.03 2.53
+0.35
−0.27 2.7
+2.7
−1.5 11.12 147.51/114
24100160010 10/03/04 53281.83 1.82+0.05
−0.04 2.30
+0.17
−0.14 8.2
+4.2
−3.0 10.98 147.18/114
30100390010 04/01/05 53461.98 1.84+0.04
−0.03 2.47
+0.17
−0.14 6.3
+2.7
−2.1 11.47 94.78/114
35300700010 09/05/05 53618.98 1.74+0.05
−0.05 2.69
+0.17
−0.15 6.6
+2.4
−1.8 10.84 99.69/114
36200270010 10/01/05 53644.01 1.82+0.03
−0.02 2.93
+0.27
−0.23 2.1
+1.0
−0.8 10.24 102.56/114
36200280010 10/01/05 53644.04 1.75+0.06
−0.08 2.14
+0.35
−0.25 6.8
+9.9
−4.3 8.83 78.05/114
36200780010 10/02/05 53645.62 1.78+0.04
−0.03 2.39
+0.14
−0.12 7.2
+2.7
−2.1 10.31 99.60/114
36200790010 10/02/05 53645.65 1.84+0.04
−0.04 2.55
+0.28
−0.23 4.2
+3.0
−1.8 10.86 125.73/114
36300250010 10/03/05 53646.99 1.71+0.04
−0.03 2.60
+0.43
−0.32 2.3
+2.3
−1.2 7.76 146.54/114
36300260010 10/04/05 53647.02 1.74+0.04
−0.03 2.34
+0.16
−0.14 5.7
+2.5
−1.9 9.03 98.72/114
36300270010 10/04/05 53647.06 1.82+0.03
−0.02 3.15
+0.37
−0.30 1.4
+0.9
−0.6 10.00 121.13/114
36300520010 10/04/05 53647.84 1.67+0.05
−0.05 2.37
+0.34
−0.26 4.3
+4.4
−2.3 7.46 107.92/114
41100500010 02/25/06 53791.18 1.77+0.03
−0.02 2.70
+0.12
−0.11 4.7
+1.1
−1.0 10.34 118.26/114
41200490010 02/28/06 53794.25 1.66+0.03
−0.03 2.55
+0.23
−0.19 3.3
+1.7
−1.2 7.44 100.42/114
47800210010 09/12/06 53990.66 1.78+0.03
−0.02 2.96
+0.27
−0.23 2.0
+0.9
−0.7 9.36 100.76/114
47900190010 09/15/06 53993.57 1.72+0.04
−0.03 2.48
+0.17
−0.14 4.8
+1.9
−1.5 8.83 107.07/114
47900540010 09/16/06 53994.70 1.72+0.04
−0.03 2.48
+0.13
−0.11 5.8
+1.8
−1.4 9.22 124.78/114
47900550010 09/16/06 53994.73 1.75+0.04
−0.04 2.61
+0.18
−0.16 5.4
+2.2
−1.6 9.97 105.55/114
48400280010 09/30/06 54008.82 1.75+0.04
−0.03 2.42
+0.23
−0.19 3.7
+2.3
−1.5 8.57 100.68/114
48400640010 10/01/06 54009.98 1.75+0.03
−0.03 2.94
+0.31
−0.26 2.2
+1.2
−0.8 8.98 113.51/114
48500590010 10/04/06 54012.71 1.77+0.04
−0.03 2.51
+0.17
−0.15 4.3
+1.8
−1.4 9.55 118.25/114
53400340010 02/27/07 54158.59 1.72+0.03
−0.02 2.81
+0.33
−0.27 1.5
+1.0
−0.6 7.78 112.08/114
53400430010 02/27/07 54158.88 1.81+0.02
−0.02 2.84
+0.29
−0.20 2.2
+1.0
−0.9 9.93 99.68/114
53500630010 03/03/07 54162.49 1.74+0.04
−0.03 2.61
+0.25
−0.20 3.9
+2.1
−1.5 9.04 118.71/114
53900470010 03/14/07 54173.99 1.76+0.03
−0.03 2.72
+0.23
−0.20 3.0
+1.5
−1.0 9.31 113.42/114
54000690010 03/18/07 54177.61 1.73+0.03
−0.03 2.91
+0.46
−0.45 1.0
+1.1
−0.5 7.72 139.95/114
54200760010 03/24/07 54183.87 1.66+0.04
−0.03 2.65
+0.16
−0.15 4.8
+1.6
−1.3 8.50 130.58/114
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